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By N. J. Hoff and Joseph Kempner

SUNMARY , ,
-.,.-.— :

Experiments were carried out at the Polytechnic Institute
of Brooklyn with a flat reinforced sheet model the longitudi-
nal of?which were loaded axially. In the first group of
tests one panel of shoot, and in the second group two yanels
of sheet and tho intervening portion of a stringer, were cut
out ● The stress distribution in stringers and sheet was.
measured with electric strain gages- The stresses were then

-*.+.. calculated with the aid of a procedure of successive approxi-
mations similar to the one presented in N%%CA TN No. 934 (ref-
erenco 1). The agreement betweek calculations and experiment

-=9 was found to be reasonably good. .

. -4.’

INTRODUCTION

Tho methods of and the formulas used in the analysis of
monoccque aircraft structures have been developed almost inv-
ariably for cylinders of circular, or possibly elliptic,
cross section and of uniform mechanical properties. Yet in
actual aircraft such structural elements are seldom, if ovor,
found, Unfortunately, tho direct methods of analysis arc
little suited to c~p,e with the problems involving complex
cross-sectional shapes, irregular &istribution of reinforcing
E3101BC3ntS, concentrated 10ad6, and cut-Outs. It is believed
that tho indirect methods recently advanced by Hardy Cross,
and particularly by R. V. Southwell, (references 2 and ti)
promise a solution of such problems.

t Zn this indirect approach the stress distribution in a - -
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structure under specified loads is determined through step-
%y-step approximations. In eaoh step the state of distor-
tion of the structure is arbitrarily modified and the
stresses corresponding to the distortions are calculated.
The procoduro must be ccntinuod until the stresses and the
external loads over the entire structure are in equilibriun~
When tho stops aro undertaken at random, the procedure is
likely to lead to a solution only, if ever, after a very
great nunber of steps. If the calculations aro to be well
convergcjnt - that is, if a reasonably rapid approach to tho ,
final. stato of distortion is to %e attained - the steps
must be u~dertaken according to suita%le predetorminod pat-
terns. This is tho reason Southwoll called the procoduro
tho Method of Systematic Relaxations.

It is tho object of the present investigations to de-
velop patterns which make a solution p@ssible, with engineer-
ing accuracy, through a limited number of steps. This en/i
is approached by means of theoretical considerations, etrain
measurements, and comparative calculations, The immediate
goal is to work out a procedure which permits the solution
of tho complox problems previously mentioned, even though
approxina%o results aro all that may he attained for the
tizie being.

Tho proceduro can ho refined so that it will give more
accurato results. It is planned to carry out this develop-
ment aftea tlm moro innediate problems are solved~

In this second report exporiaents are described which
wero perforned in the Aircraft Structures Laboratory of the
Polytechnic Institute of Brooklyn with two flat shoet-
stringer con%inations each having a cut-out, Tho stress
distribution under concentrated loads was investigated with
the aid of Baldwin-Southwark Metalectric strain gages. Dis-
placencnt patterns were developed for tho step-by-step pro-
cedure the use of which pernits a rapid convergence of the
Conputo,tiorlso Tho results of the calculations wore in rea-
sonably good agreement with the tests.

This investigation, conducted at the Polytechnic Insti-
tute of Brooklyn,was sponsored by and conducted with the fi-
nancial assistance of the National Adviscry Comnittee for
Aeronautics, For his aid in the tests and the calculations
credit is due Ivan P. Villalba,

SYMBOLS

b distance between adjacent longitudinal

.
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<h distance between adjacent transverse reinforcements

t thickness of sheet

u horizontal displacement

‘block horizontal block displacement

UN horizontal displacement of point N

un tot total horizontal displacement ●f point N

v vertical displacement

‘%leck vertical block displacement
(

vN vertical displacement of point N

‘n tot

x, y

m, X-X~~N

-u
n

xyM~

YyMN

-
YX)$N

Atot

A-Q

total vertical displacement of point N

coordinates

influence coefficient signif~ing a farce in the
&direction at the point M due to a unit X
displacement of point N

influence coefficient signifying a force in the
&direction at point M due to a unit y dis-
placement of point N

influence coefficient signifying a force in the y-
direction at point M due to a unit y dis-
placement of point N

influence coefficient signifying a force in the y-
direction at point M due to a unit x dis-
placement of point N

total kffective cross-sectional area of a stringer

symbols used to designate points of intersection of
longitudinal and tran&verse reinforcements

C.
B, M, Z! symbols used to designate bottom, middle, and top

horizontal sections, respectively, of nodel

-
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-# B’

E

G

K

.L

LMN

0=

‘Y

location of -point B after displacement

modulus of elasticity

modulus of elasticity in shear

numerical constant

length

distance between points M and N

direct stress in horizontal reinforcing strip

direct stress in vertical reinforcing strip

1 - “36 symbols used to designate strain gages

I-IV symbols used to designate stringers

EXPERIMENTAL INVESTIGATIONS

* The test model shown in figure 1 consisted of a flat
sheet of 24 S-T aluminum alloy reinforced with longitudi-
nally and transversely arranged steel strips. The modelX
was the one used for the experiments described in reference
10 but for the first group of the present tests one panel
of sheet, for the second group of tests two panels of sheet
and the intervening portion of a stringer, were removed.
The resulting structures will he referred to as ‘model with
single cut-out,lt and Ilmodel with double cut-out,n respec—
tively.

The test apparatus was thti same as that used for the
exporlnozts described in reference 1. Equal tensile forces
applied at the four botton stringer extensions were balanced
by equal tensile forces at the #wo top stringer extensions.
The dou%lo cut-out condition’ of the rnodol is shown in tho
photographs of figures 2 and 3- Two angle irons wore used
to prevent the lowor edge of the cut-out from buckling.
These acted like the lugs dqscribod in reference 1 which
supported the upper edge of the modol. A lubricated sliding

* contact %otween a fitting at ‘the end of the angle irons and
the lowor edge of the cut-out ~revented restraint in the
plane of the sheet.
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4’ Loads and strains were measured with Baldwin-S outhwark
Metal ectric strain gages. ~~o details of the measuring t?ch-

nique need be given here since the p%ocedure followed was
..

the sane as that described in reference 1.. The square of
aluminum and steel to whit-h the dummy gages were cemented is
clearly visible in figure 2. Tests were performed on the “ ‘--”
model with single cut—out at load incremerits of 240 and 496
pounds, and on the model with double cut-out at load incre—
ments of 248 and 492 pounds. A tare load of 240 pounds was
used for all tests. Since the stresses obtained for the
higher load conditions were practically double those of the
lower, the Lower load condition only was used for compari– -‘-
son of experimental and calculated stresses.

The experimental data were analyzed in the same manner

as in reference 1. For all stress calculations the modiilus
of elasticity was taken as 30 X 106 psi and 10.3 x 106.
psi for steel and aluminum, respectively.

~]~e total effective width of sheet for both model Con-

dition was taken as that obtained for the flat sheet in,
----

reference 1: namely, 6.72 inches. As was done previously
the overlapped portions of the sheet at the central stringers ““
were assumed fully effective in carrying normal stresses.
Consequently, the average total effective area of a verti- ‘“

● cal or horizontal edge s“tringer was fourid to be 0.1301 square
inch, that of a central vertical stringer 0.1418 square inch,
and that of a central horizontal st~ip 0.1381 ‘sq-utir”e-inch..
For the stringers adjacent to the cut-out theso values wore —

necessarily modified to 0.1256 and 0.1337 square inch for
segments HM and GL, respectively (see fig; 7) and to
0,1301 square inch for strips GH and LM, because of
the abso~co of panel GHML , Similar changes also were “matle
when the model with the double cut-out wae considered. The
values for I’K, FG, and KL (see fig. 8) became 0.1337,
0.1301, and 0.1301 square inch, respectively. It should
be noted. that the areas of effective width-of “the aluminum
sheet h,ad been converted into equiv~.lent areas of steel.

The values given in the preceding paragraph will be
used later for the calculation of the influence coeffi-
cients needed for the relaxation procedure.

—
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4 i)ERIVAl?IOl?OF THE 3’ORMULAS USED IN THIl

SUCCESSIVE APPROXIMATIONS PROCEDURE

As in reference 1, the unit of the elastic structure
considered in this paper consists of a.panel of sheet metal
and the four segments of bars fastened to its edges (fig.
4). It is assumed that the bars are attached to one another
by ideal pins and that they have infinite rigid~ty in bend-
ing. In reference 1 only the forces acting in the vertical
(Y} direction were taken into account. Consideration of
the horizontal forces was unnecessary because of the symlue-
try of tho structure and loading about a vertical axis. In
the present investigations, the loads are still applied
symmetrically, but the symmetry of the structure is destroyed
by tho cut-outs. Consequently, tt Is necessary to calculate
the equilibrium of the horizontal forces acting in the struc-
ture, anCi thus two more types of influence coefficients must
bo developed in addition to the ~y influence coefficients
derived. in reference 1.

It follows from the derivations presented In referenee
1 that the ~y influence coefficients pertaining to point

a B of figure 4a - that is, the vertical forces transmitted
to the constraints at points A, B, C, and D when
point B is moved through a unit distance in the ~ositive

-* y direction - can be g~ven by the following equations:

~yAB = Y~DB = Gth/4b

~yBR = -( EAtot/h + Gth/4b)

It is obvious that a horizontal force arising from a
unit horizo~tal displacement is analogous to a vertical
force arising from a unit vertical displacement. Consequent-
ly, if point B in figure 4 is displaced through a unit dis-
tance in the posi.ti.ve x-direction, the following influence
coefficients apply:

Fx~B = (X&tot/b - Gtb/4h)

(2)
n

x~~B = -( EA~ot/b + Gtb/4h)
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It should be noted that the quantities Gtb/4h and
Gth/4b are unit forces caused by the resistance of the
sheet to shearing deformations. By the law of the comple-
mentary shearing stress , however, horizontal displacements
also must give rise to vertical shearing forces, and verti-
cal displacements to horizontal shearing forces. Cons e–
quently, there are couplings between quantities pertaining
to the vertica~ and t~e horizontal directions which can be
expressed-by ‘xy and yx influence coefficients. ‘l?hosecorre-
sponding to a displacement of point B as shown in figure
4% are given ‘by the following equations:

Y-XCB= ~xBB = ~t/4
(3)

Y-XAB = ~xj)B =.-Gt/4

Similarly, through the consideration of the effects of
a unit vertical displacement of point B the following
formulas can he derived:

.

.

& = x-yDB= -Gt /4

X?AB
n

= XYBB = Gt/4
(q

When the structure consists of several panels as in
figure 5, the effect of all of them must he taken into ac-
count simultaneously. Therefore, the following influence
coefficients can be calculated through consideration of the
displacements of point A:

x-?B~
n -

= XXDA = XXm = X-XTA = Gtb/4h
n

‘XCA = X-XGA = Gtb/2h

~xEA = ~XIA = (EAt@ – Gtb/2h)

‘XAA = -( 2EAtot/b + Gth/h)

Y-X34
-

= yx~A = Gt /4

7XDA = ~xHA = –Gt /4

(5)
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FY ~~ = rYGA = (E~tot/h - Gth/2b)

TY** = -(23Atot/h +

Ty
DA

= Ty
HA

= -Gt/4

Influonco coefficients which
ing equations are equal to zero.
following relations exist between

Gth/b)

—

“8

(6)

do not appear in the forego-
It should be noted that the
influence coefficients:

n

YYMN = Y~NM (7)

.

Those equations follow from Maxwell~s reciprocal theorem.
They may be e~sily verified with the aid of’ the formulas given
above,

The operations table and relaxation table are set up in
a manner similar to that described in reference 1. The nor-
mal stress in a segment of a horizontal or ~ertical strip
between points M and 1?, and P and Q is’ respectively,

C7y = (vp- @E/LpQ
(8)
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. APPLICATION OF THE

3!0 A MODEL

“9

RELAXATION PROCEDURE

WITH CUT-OUT

The -procedure adopted. for the calculation of the stress
distribution in the reinforced panel with a cut-out was as
follows:

First the complete structure (without the cut-out) was
halance~. Then the unbalanced forces were determined corre-
sponding to the displacements of the complete structure and
to the influence coefficients o? the model with the single
Cut-cnlt. These unbalanced forces were reduced in tho third
stop to negligible quantities through a num%er of relaxa-
tions. Tho displacement pattern thus obtained was used for
a first approximation to the distortions of the model with
the dou%le out-out. The unbalanced forces corresponding to
this pattern and to the influence coefficients of the model
with the double cut-out were calculated and reduced through
relaxations to negligibly small values.

The proceduro was found to be rapidly convergent since
the cut-outs materially affected the displacements and

\ stresses only in thbir inmediate neighborhood. The double
cut-out condition could havo been calculated directly fron
the complete structure, but the intermediate case of the

. model with the single cut-out was needed for the purpose of
comparison with test results.

In figures 6 to 8 schematic drawings of the three model
conditions ‘investigated age s_hown. Table 1 contains tho
influence coefficients YY, xx, and Ty for the model in
its three different conditions. The tablo proper was cal-
culated for the complete model. The firet auxiliary table
(starred values) gives all those influence coeffioionts
which changed ‘oocause of the single cut-out. The second
auxiliary table containe the influence coefficients the
values of which (marked with a dagg~r) changed when the
single cut-out was transformed into the dou%le cut-out.
Becauso .of equations (7) only one-half of *he total nunbor
of tha influence coefficients had to be listed..

—

Tablo 2 is the Operations Table. It contains individ-
ual and block displacengnts calculated in the sane manner

T as described in reference 1. Several of the boxee in this
table contain two figures, The upper figure pertains to
the nodol with the,single cut-out; while tbe lower figure

-.

.
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holds for the nodel without a cut-out. Whore only one valuem
appears in a box, it applies to both conditions of the nodel.

Since both the nodel and its loading are synnetric$
synnotrically situated points nust displace. synnetrically.
This noan~ that vertical displacements of synnetrically, sit-
uated points are equal in both magnitude and sense; while
their horizontal displacements are equal in magnitude and
opposite in sensoO Because of these symmetry properties the
group oporatioas listed in ta%lo 3 are found convenient for
the nurierical work of relaxation.

In the first line of the Relaxation Tahle (table 4) the
external loads are entered~ With the aid of the group op-
erations of table 3 the unbalanced vertical forces are re-
duced to negligible quantities in comparatively few steps.
Details of the procedure followed are not explained here,
sinco they wore described in reference 1. Howover, after
these relaxations have been comploted, residual forces which
are not considered negligible exist in the horizontal direc-
tion. Tho structure must he relaxed, therefore, until the
horizontal forces are reduced to negligibly small quantities.
Boforo this is done, however, the total displacement given
to each point is obtained and used as a check on previous

% work (table 5). It may be seen that the residual forces in
the chock table differ slightly from those obtained beforo.
Since they dofino.the present stato of equilibrium more o.c-

. curately than do the previous residual forcos, relaxation
should be continued fron the values listed in thk check
table.

Bacauso of the syunetry of nodel and loading, the h~ri-
zontal residual forces just obtained are also symnotric. As
the uppernost horizontal contains the points at which tho
grontost unbalances occur, the forces there are reduced
first. It nay be seen that a simultaneous displacement of
points A aud D toward the axis of synnetry of the nodel,
followei! by a sinilar simultaneous displacement of points B
and C, reduces the unbalances considerably (table 6), Aftor
these olorations have been carried out twice in succession,
negligible residual forces renain. ,Since the un%alancos on
the other horizontals are of the sane nature, steps similar
to those just undertaken reduce all renaining unbalances to
sr3all quantities. The advanta&e of reducing the large un-
balances of the top horizontal first is alnost self-evi-te-ni,

.—
i

Large unbalanced forces require proportionately large dis-
placements in the relaxation procedure; co~sequently, forcos

- which are not negligible are thrown on the points of the
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. adjacent horizontal when the top horizontal is relaxed.
However, when the smaller unbalanced forces of the other
horizontals are reduced, the forces transmitted to the top
horizontal are negligibly small. AS a matter of fact, in
the present calculations those forces were fractions of the
unit used in the table and wero , therefore, not listed.

Since the effect of the relaxations undertaken in table
6 upon tho forces in the vertical direction is negligible,
no further relaxations aro necessary, Howover, a chock is
made in ordor to ascertain the accuracy with which tho hori-
zontal relaxations havo been performed. The residual forces
proeent before the horizontal relaxations are eatorod in the
top row of the Check Table (table 7). No additional vertical
displacenonts were undertaken after tho first check; there-
fore , a check involving only horizontal displacements s-uf-
ficese Tho final vertical. and horizontal residual forces
are given in the last row of the table. As these forces aro
nQgligi%Jy snail, tha relaxation of the model without a cut-
out is consi~ered to be completed~ With the aid of equ&-
tions (8) and the tothl displacements from tabzes 6 and 7 -
the stresses in all segmentis of the verticals and th~ hori-
zontals may be calculated~ The calculations are presented
in table 8. I.t should be noted that ~/ L~~ = 30 X 106/8 =

* 375 X 104 psi @or. inch for each segment.

The stresses in the. verticals are found to be the sane
. as those obtainod in reference lo This verifi~s the assump-

tion of refokence 1 that the effect of the horizontal dis-
placomcnts upon the stressee in the vertical direction is
small in the symmetric model. The stress distribution in
the horizontals is given in figure 12.

The ~roblem of the model with the single cut-out now
may bc attacked. The numerical work is facilitated by the
use of the Group Operational Table (table 9) prepared with
the aid of table 1. As a first approximation the deflec-
tions obtained for the model witho~t a cut-out were assunod
to be also the deflections of the model with the single
Cut-outo The magnitude of the error made can be judged if
the unbalanced forces are calculated from thoso deflections
with the aid of tho values pertaining to tho modol with the
single cut-out listed in table 2 (Operations !l!able). ~hese
calculations are contained in table 10,which has the tf%lo
ItCheck T~.ble of Relaxations for Model without Cut–Out with

k Operations Pertaining to Model with Single Cut-Out.lt Tho
forces are in equilibrtun at all joints except those in tho
~nnetiate vicinity of tho cut-out, as wag to be expected.

,-
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Unbalance’ exists in both the vertical and the horizontal
h, directions at points G., H. L$ and M. With this condition

as a starting point the modol can be r&adily relaxed.

As before, the unbalanced vertical forces are reduced
first. Stringer segment MQ is ilisplaced as a unit (table
11). This step is followed by a displacement of segment
DH. The steps are repeated in the same soq.uence until a
state iS roached at which individual displacement of the
points appear to be advantageous. E’inally, a block dis-
placement of stringer IV reduces the v~rtical residual
forces to the magnit’hdes desired.

The total displacement gtven to eavh point is f~ulld
and is tabulated in ta%le 12. The rosi~’wl forces obtuinod
in this table now must be considered.. T\oy aro small in
the vertical direction and comparatively large in the hori-
zontal directions In accordance with the pattern ostahlished
in reference 1, through suitable operations the unbalanced
forces are distributed in such a manner that simultaneous
block displacements of the horizontals ABCD and JKLM result
in reducing tho forces considerably (table 13). A few addi-
tional individual displacements followed by a vertical grouy
displacement of the edge stringer DHMQ reduce the unhalancod
forces to small quantities. Because tho solutioh of the

4,-” model with the single cut-out depends on the previous solu-
tion of the complete model, a ctieck table which takes into
account the total displacements of each point is given in

. table 14. These displacements are obtained %y adding th.o
displacement of eaeh point in table 10 to the disp~acenent
of the sane point in tables 12 and 13, Since a fow of the
residual for’ces are slightly larg~r than desirable, small
adjustments are nad.e in the total displacements of four
points. The starred values at the end of the table are tho
adjusted values of the corresponding starred values in the
table proper. At this stage of the procedure the adjust-
ments were found to be the most convenient means of balanc-
ing the residual forcos. Tho final residual forcos appear
in the last line of the ta%lo~

In tmblo 15 the stress calculations are presentet for
the nodel with the single cut-out, A comparison of tho
experimental and the calculated nornal stress in the
stringers is given in figure 9, , The dottod lines in figure.
12 ~epresont the normal stresses in the horizontals.

k With the solution of the problen of the model with tho
single cut-out now available, the problen of the aodel with

..-.
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h the double cut-out can b-e solved. In a nanner sinilar to that
just described. The Operations Table for Model with Double
Cut-Out (table 16) is established fron the pertinent values

, of table 1- With this operations tallo the Check Ta%lo of
Relaxations for Model with Singlo Cut-Out with Operations
Pertaining to Model with Dou%le Cut-Out (table 17) is calcu-
lated froa the displacements listed in table 14. T!ho resi?i-
u~l forces are entered in the first row of the relaxation
table (tablo 18). A displacement of point G, followed by a
rigid body d.isplacenent of stringer segnent CG, reduces the
large unbalanced f~rce at G considerably. Sinilar opera-
tions reduced the forco at L. Several individual dtsplaco-
aents are then taken,resulting in residual forces which are
negligibly sn.all at nest of the renaining points also. A
rigid body displacement of stringer segnent DH is found. help-
ful in this process. The unbalances in the horizontal direc- ‘-
tion are distributed by displacoaents of individual points
preparatory to a horizontal group displacement of the threa ‘
upper fielcls, which in turn reduces the residual forces con-
siderably. A few individual point displacenonts then suffice
to attain unbalanced forces in the horizontal cliroction which
can bo considered negligibly sriall. In this process, howevor,
relatively large vertical forces are introduced at several
joints. A group displacement of stringer I, followed by ‘“--

.-—

< simultaneous displacements of points A, B , N, and 0, reduce
these ronaining forces to small values. The Conplete Check
Table for Mo?.el with Double Cut-Out is presented in ta~lo” 19-
in which the total displacements of the joints are listed as-.
conputed fron tables 17 and 18. Minor adjustments again aro
nade in the displacements. They are listed at the end of the
table.

The stz’oss calculations are given in table 20. A CO13-

parison of the experimental ant. tho calculated direct stress
in tho stringers is contained in figure 10. The dot-dash
lines in ficwro 12 represent the direct stress in the hori--” “-
zontal strips. The variation of the calculated direct stress
in the stringers with the changes nade in the original nodel
is shown in figuro 11.

-.

In conclusion, it nay be stated that, in general, the
agreonent between calculated and neasured stress is reason- .
a%ly goo~o In tile case of the aodel with the single cut-out
the ueasured and the calculated stresses al”nost exactly coin-
cide in the graphs along stringers 1, III, and IV. The .

1 agreenent is alnost equally good along stringers 11 and IV
and in the upper portion of stringer 1~1, in the nodel with
the double cut-out. In this nodel, however, the stress

.
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neasured in stringer I is consistently less than th~t calcu-.
lated. The probable reason is an un~erestination of tho
load-carrying capacity of the sheet, esp”bcially in the upper
pdrtion of tho nodol. Sinilarly, the rough assumption of a
uniforn effective width all over the nodel night he respon-
si%Ze for the disagroeuent between ex~orinent and calcula-
tion in tho neighborhood of the concentrated load applied to
the discontinuous stringer.

CONCLUSIONS
.

In this second report on numrical procedures for the
calculation of the stbesses in nonocz~ues tests are described
which were carried out at the Polytechnic Institute of
Brooklyn in order to establish the stress distribution in
sheet and stringer combinations loaded with concentrated
loads applied to the stringers. In the first test model
there was a cut-out involving one panel of sheet, and in the
second model one involving two panels of sheet and the inter-
vening portion of a strtnger. The stresses also were dotor-
mined analytically by a step-by-step approximation prooedure~
The agroomont was reasonably good between the reeults of the
calculations and the experiments..

The suggestions made in the conclusions of the first
report (reforcince 1) regarding details of the nuaorical pro-.
ceduro again were found to result in a rapid convergence of
tho calculations. Moreover, it was found that the following
aRproach is advantageous if there is a cut-out in the sheet
and stringer combination:

(1) Calculate the stresses as if the structure wore con-
plete (using influence coefficients pertaining to tho struc-
ture without the cut-out). .-

(2) Consider the displacement pattern obtained as a
first approximation to the actual displacements of the struc-
ture with a cut-out. Determine the unbalanced forces corre-
sponding to those displacements, using the actual values of
the influence coefficients in the structure with the cut-out.
Reduce those unbalanced forces through a suitable series of
relaxations, preferably following the recommendations pre-
sented in the Conclusions of roferenoe 1*

●

It is believed that this procedure will result in A
fairly rapid doternination of the stress distribution in

*
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. sheet and stringer combinations in which the end points of
the reinforcing strips are free to move, provided the cut-
out is not disproportionately large.

Polytechnic Institute of Brooklyn,
Brooklyn, New York, July 1944.
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TABLE 1. INFLUENCE COEFFICIENTS FOR THE THREE

nm

AB
AE

AF

Bc

BE

BF

BG

CD

CF

CG

GH

w

DH

EF

CONDITIONS OF THE MODEL. SHEET

VALUES FOR MODEL WITHOUT CUTOUT.

~Ynm
x IO-4

200

46B

2Q0

2.00

2.00

49.2

200

200

2.00

492

2.00

2.00

46.6

4.00

rxnm
x IO-4

468

2m

200

46.8

2Qo

4.00

2.00

46.8

200

400

2.00

2.00

2.00

470

nm

EJ

EK

t FG

FJ

t FK

tFL

KGH

tGK

6L

Km

~HL

km

JK

JN

@nm
x IO-4

46.8

2.00

4.00

2.00

49.2

200

4.00

2.00

49.2

2.00

2.00

46;8

4.00

~8

%?

x Iv
2.00

2.00

47.8

2.00

400

2.00

47.8

2.00

4.00

2.00

2.00

2.00

47.8

2.00

nm

JO

t KL

KN

KO

KP

KLM

LO

LP

LQ

MP

“ha

No

OP

m

9nm
x 10-4

200

4.00

2.00

49.2

200

4.00

200

49.2

200

2.00

46,8

2.00

2.00

200

* VALUES FOR SINGLE PANEL CWTWT.

IIm 2.00 468

ti 48.1 200

1’ I IIl-tL O 0

I-Mvl

LM

Z&
x 10-4

2(XI

47.8

200

4.00

200

47.s

2.00

4.00

2.00

2.00

2.00

46.6

46.8

47.1 0

200 468

t VALUES FOR DOUBLE PANEL CUTOUT. .

1.

Www



1,7NACA.TN No..95O.

TABLE 1. INFLUENCE COEFFICIENTS FOR THE fHRfE
CONDITIONS OF THE MODEL. SHEET 2.

VALUES FOR MODEL WITHOUT CUTOUT.

nm

/48

AE
AF

K

BE

w

BG

CD

CF

G

CH

ix

OH

EF

GH

HL

FG

GK

Q
x Iw
2.00

-2.00

2.00

2.00

-200

0

2.00

2.00

-2.00

0

2.00

-2.00

2.00

0

-2.00

0

nm

6A

EA

FA

Ce

EB

FB

G@

DC

FC

Gc

Hc

Go

m

FE

%nm
x IO-4

-2.00

2.00

2.00

-200

-200

0

2.00

-200

-2.00

0

2.00

-200

-200

0

nm

EJ

EK

t FG

FJ

t FK

t FL

*GH

t(w

utGl-

!41W

* HL

*W

JK

JN

% m
x UP

-2,00

200

0

*.00

o

2.00

0

-200

0

2.00

-200

2.00

0

-200

nm

JE

K

tGF

JF

tw

tLF

K*

tffi

HLG

WMG

*W

*W

KJ

NJ

2.00

2.00

0

-200

0

2.00

0

-200

0

2.00

-2.00

“2.00

o

2.00

Jo

tKL

KN

Ko

KP

km

LO

LP

LQ

MP

MQ

W

w

m

%
x Id

2,00

0

-2.00

0

2.m

o

-200

0

2.00

-200

2.00

-200
-2.00

-200

w VALUES FOR SINGLE PANEL CWOUT.

I-G 2.00 GL 2.00 LG -200 GM o

LH o Htvl o MH o LM 2D0

t VALUES FOR DWBLE PANEL CUTOUT.

IL-2.00 GF 2.00

0 KG O

FK 2.00

A+ o

I I

KF -2.00 FL

LG o KL

o

2.00

M

ML

L

LF

LK

?qm
cId

200

0

0

200

0

0

2.00

“200

2.00

2.W

2.00

2.00

0

-2.00

0

-2.00

-1

:“1
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TA9LE 2. OPERATIONS TABLE FOR WIOEL WITI-K)UT CUTOUT

AND WITH SINGLE CUT(XJT. SHEET 1.
:
+’3

WEKTwonwms
=s

~ N A BOX T1-E UWER PERTAINS

UWNZRLWED MJMRERS ARE NEGATIVE.
FCM3CES IN L8., DISPLACEMENTS IN IN. X ID-4.



TABLE 2 OPERATIONS TABLE FOR MODEL WITKLJT CUTOUT
AND WITH SINGLE CUT(X.JT. SHEET 2.

(~TwO~m*ttdAmX,W~mTNtds
TO THE F0RM5t CONllmON, TEE UFPER TO THE LATTER CONDITKXl]

WERLINED NUMBERS ARE NEGATIVE.
FORCES IN LB., DISPLACEMENTS IN IN. X 10-4.



i

TABIE 3 GROUP OPERATIONS TABLE FOR MODEL WITFWT CUKXIT

UNOERLIKD NUMBERS ARE KGATIVE
FCRCES IN L&, DISPLACEWNTS N IN. X K@.
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TABLE 4. RELAXATION OF VERTICAL FWCES FOR MCXXL WITIWUT CUTWT.

MlVJ-V”=.

II-11 II 1] II II-I!-Ii I I 1 I I I I
al 31-31-91-61-61 d d

FORCES M LB.,I)wLAcEhmj-rs IN tN. x I&.
E



* “

“ TABLE 5. CHECK OF RELAXATIONS IN TABLE 4.

FORCES IN LB., DISPLACEMENTS N N. X 104.



I
“

TABLE 6. RELAXATION OF HORIZONTAL FORCES FOR M3)EL WITHOUT CUTOUT.

u@lc-20 I I I I I I I I I I I I I
I

FORCES W4 LB., DIsPLACEMENTS IN IN.,X 104.
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z

~
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TABLE 7. CHECK OF RELAXATIONS IN TABLE 6.

‘Ism” ‘A k Yc % ‘E ‘F ~lYHkJIYKltkJYNklYp kkh xc ‘D XE XF XG % X.J ‘K ~ ~ XN % & XQ

y~~ o -1 -1 0 0 0 01 0] 01 I’1 II Opl 01 01-al Iq 15 -15 -15 -6 -6 6 6 -4 -4 4 4 -s -5 5 5

u~-u D-.4til-ll II I -I -11 1

W--UC-.251-II II II-II-II 1!

1,, -A, --nnl I I 1 1 I 1

F(XICES IN LB., DISPLkEMENIS IN IN. X 10-4.

al
lb
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TABLE 8. STRESS CALCULATIONS FOR MODEL

WITHOUT CUTOUT.

CALCULATION OF STRESSES.IN VERTICAL STRINGERS,

IMEMBER “
mn m ~fTx@

1
AE

EJ

JN

BF

FK

m

OH

HM

MQ

CG

GL

LP

-4.91

‘2.75’

- 1.06

- .27

1 I

% TOT ‘d
IN.

-2.75

- 1.06

.33

0

.72

1.74

2.16

1.69

1.39

.27

.72

1.02

375
■

II

II

II

M

STRESS
Psi.

810

634

521

I 01

270

382

CALCULATION OF STRESSES IN HORIZONTAL STRIPS.

MEMBER
“mToTx’~ JnTOTx~ @nTOT- ‘X ‘r’

mn IN. IN. umToT)@ %&f”

AB CD

Bc”

EF GH

FG

JK LM

KL

NO PQ

OP

.48

25

-.09

-.06

-.07

-.04

-.10

-.07

.25

-.25

-.06

.06

-.04

.04

-.07

.07

- .23

- .50

.03

.12

.03

.08

.03

.!4

375
II

■

II

II

H

❑

II

STRESS
Psi.

- 86

-187

II

45

II

30

Ii

53

.
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TABLE 9. GROW OPERATIONS TABLE FOR MmEL WITH SINGLE CUTOUT.

d M I I 1 1 I 1— I ! I I 1“ I -

UNDERLINED MJMBERS ,ARE NEGATIVE.

FORCES IN LB., DISPLACEMENTS IN IN. X Id.

i m
m
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TABLE 10, CHECK TABLE OF RELAXATIONS FOR MODEL WITHOUT CUTOUT

WITH OPERATIONS PERTAINING TO MODEL WITH SINGLE CUTOUT.

El
u;i.& .25

u@J#*

--U--.06

u --u --07
lwu,- -.04

XLFF
434+
3?!

li7

3

I I I I I b @-22 Z4 I I -1 -1

-11-11 II 1141 I I I 1’2-3 7 3742 I I -1 -1

5 -4 4 -5

-3 10 -9 9

4 .-3 3 4

-2 b -6 2

WIJF :07

RESIDUAL -2 I \ -2 -2 t 6 -14 0 I 312-7 -3 m00-330

5 -5 s -5

-3 to 40 3,

0 -3 -2 f? 0 II -2 -1 -8 -7 -3 0 0 3

F(X?CES IN LB., DISPLACEMENTS IN IN. X IW4 .
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TABLE 11. RELAXATION OF RESIIXJAL VERTICAL FORCES FOR MODEL :
WITH S#KLE CUTOUT. 2

t

#..
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TABLE E!. CHECK OF RELAXATIONS IN TABLE I [ .

.

a
m
o

EEIHil
v --1.59

v -o

v= = .06 3

v = .07

RESIDUAL -2 I -’2 -1-2 %B!!E
-3 16
-3-

-7
3

2-220 I 1 -1-34%
-3-
-3 01

3.
0-3130 %-b 9-2

I I I I 1-31-s1

FORCES IN LB., DISPLACEMENTS IN IN. X 10-4,

3

3
—

9
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TABLE 13. RELAXA~ OF REStDUAJ- l-KRIZOITAL -S KH? KXIEL

WITH StNGIE cumJT. S-ET 1.

Wtus N’LB., MsFtAc~s IN IN.x I@.

U)
m
o I

I
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, f . .

. -.
. .
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TA8LE 13 RELAXATKN OF RESM)UAL IWUZONTAL FOFCES FUt MtDEL

WITH SINGLE CIJIUJT. SHEET 2.

,

- FORCES N LB., DISPLACEWNTS IN IN. X W4.
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TABLE 14. CWPLETE CHECK TABLE FOR WDEL WITH SINGLE CUTOUT.

I DISPL.

b
v~--4.91

V~E-2.75

‘ * ADJUSTED VALUES APIJEAR AT END OF TABLE. SHEET 1.

t
I I I I I I I

. , , , , ,
* V~--7.O2 I-ulml I l-14k91 I I I I I I I I l+4hl I I 141 ml

I I I I I I ,“ ,“ 1 I ,“ ,“

]-6~ II II -6 -6 ,6 6

$11 1-31-51-31I I I I I i i I

J “- I I I I I I 1 J

FORCES IN LB., DISPLACEMENTS IN IN. X Id.
w
a)
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TABLE 14. COMPLETE CHECK TABLE FOR MODEL WITH SINGLE CUTOUT.
e
z

* ADJUSTED VALUES APPEAR AT END OF TARLE. SHEET 2. ~

I
I UE--.47 l-l I II I I I I I I 1[-11 I I I I I

I
--4 1 I 1 1 1 1 1 , 1 , 1 , , ,

11..--s1 1-21 I 21 21 1-21 I I

L
.= -

I I I I 1 I
—-

1 1

J..--l.l I I

–“

u - .16 I I I I I I I 1 I I 1 I 1 I I I I 1 II I I 7H6] 71

UQ -.33

RESIDUAL ~ I -3 -4 -~ 2 I o z o 3 -3 I -1 -6 -1

- . ..-” .- . .

*uG - .09 4 -10 4

x UO--,135 -1 -6 14 -6

0 I -3 -2 -3 2 I -2 2 0 -) -3 I -1 -1 -1 I 3 0 z -3 z o 3 0 -1 -3 -3 -3 -3 -1 I

ccl
Cn
o

I

FORCES IN LB., DISPLACEMENTS IN IN. X 1~4 .

I
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TABLE 15. STRESS CALCULATIONS FOR MODEL
WITH SINGLE CUTOUT.

CALCULATION OF STRESSES IN VERTICAL STRINGERS.

rlEMSER k TOT- KxltY4sTRESS
mn ‘m TO# 104 %T# Kf

. % TOT) ~4 #ylN” pm.

AE -4.91 -2.75 2.16 375 810

DH -7.07 ‘4.98 2.09 “ 705

EJ - Z-75 -1.06 1.69 “ 634

HM -4.9e -3.21 1.77 II 664

JN - 1.06 .33 1.39 “ 521

-3.2 I - 1.76 1.45 II 544

ff - .27 0 .27 “ 101

CG - .27 .06 .33 ● II 124

FK o .72 .72 “ 270

GL .06 .79 .73 “ 274

Ko .72 I .74 1.02 “ 382

LP .79 1.66 .87 “ 326.

#EMBER,
+Tmxlo4 + ~T x K)4Qn T~ - KxIO-4

mn STRESS
IN. IN, u~ #04 ~~ ?s1.

AB . -.40 -.69 -.29 375 -109

Bc ‘ -.69 -.1.31 -.62 “ -232

CD -1.31 - t.fj7 -.36 “ -135

EF -.+7 -.35 .12 II 45

FG -.35 .09 .44 “ 165

GH ..09 .35 .26 “ 98

JK - .&u -081 -.01 II * -4

KL -.81 -.96 -.15 Ii -50

LM -.96 -1,11 -.15 II -56

NO -.24 -.135 .105 “ 39

OP -,135 .16 .29S “ [11

PQ .16 ,33 .}7 n 64



. . w +

TABLE 16. OPERATK)NS TABLE FOR MODEL WITH DOUBLE CUTOUT. SHEET 1.

I
r. , 1 m , , , 1 1 , 1

—
9 1 I 1 1 1 m m I 1 1 , 1 , I 1—

Vn - I I I I I I I hflrwk I00 k!zkool 1 I I I
-- ,

1 m n , , I 1 1 I t 1 1 - 1 1 m 1 I 1 I ,
bo koc

vm~K- I qI@oo poopglpq op9d4q o 400 Z43 @ w- -
v-l gz mol kook I?mlz I I 1 I I 1 I I WI w

Vc=l PJ ~’ h! Omlim @ @o

I v;- I Ill
Vm-l

r 1 1 I 1 1

‘BLOCK- ‘ 4oop9q4ao

VD-I Ww

11-lmEt
iii-V -1 0 ii

I 1 1 I 1 I

v-l ?.oapO

v ~K- I 4904J0
--

4M q I 400m m- 490.
UNDERLINED IWWtERS ARE NEGATIVE.

1+
z

cm
m
o

FCRCES IN LB., DISPLACEMENTS IN IN. X Id.



TABIE 16. OPERATIONS TABLE FOR MODEL WITH ~LE CUTOUT. SHEET 2.

lAQ-

I
-.J , , I 1 r ,-

UK- I I!!l Iol 10

I -1 I I I I I I 1 1 I r

Uu ~- I I I I I

~= I ! I!lp

I u& I I I I I I I I I P
uNDERLINED NUM6ERS ARE MZGATIVE.

FCXICES IN LB., DISPLACEMENTS IN IN. X K@.

cd
In



TABLE 17. CHECK TABLE & RELAXATIONS FOR M(M)EL WITH SINGLE CUTOUT WITH :

OPERATIONS PERTAINING TO MODEL WITH DOU8LE CUTOUT. SHEET 1. f’
, m

WI
.0

B
.

VP-L66

VD--Z07

VH--49S

v#-3.21

v -176

FORCES W LB., DISPLACEKNTS IN IN. X 10_4.

cd
-J
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TABLE 17 CHECK TABLE OF RELAXATIONS FOR MODEL WITH SINGLE CUTWT WITH

OPERATIONS PERTAINING TO MODEL WITH DOUBLE CUTOUT. SHEET 2.

IHTRL14
r UK ‘-,81 I I I I I-21 2] 1 1

I u,--96111111111121

I
—L. # I 1 1 I I

11..=-111 I t

I I I I I I i I

I -m .--7 I I
--

I 1 1 t 1 I I 1 I I I 1 I 1 I 1 –-1 1 1
—

1
—

I-. n n

I I

FORCES IN LB- DISPLACEWNT’S IN IM X 10-4.



TABLE 18. RELAXATION OF RESIDUAL FORCES FOR MODEL WITH DOUBLE CUTOUT. z

SHEET 1. !?

u!
m
o

cd
co
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TABLE 18. RELAXATION OF RESIDUAL FORCES FOR MOOEL WITH DOUBLE CUTOUT.

SHEET 2.

FWICES IN LB.,DISPLKWNTS IN IN, X 10+.

“h
o
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TABLE 19. COMPLETE CHECK TABLE FuR MODEL WITH DOUBLE CUTOUT.

* ADJUSTED VALUES APPEAR AT END OF TARLE. SHEET 1.

I I I 1 L61 6 lb -6 I

bt 6 16 -b
I

. .
UB = 1.31 -3 3 -3 3 61 +33 bl 3 5 3

Uc - .s6 -2 2 -2 2 40-3740 t 3 2
UD - .71 -1 I -1 I 3+ -3b I I

FORCES IN LB., DISPLACEMENTS IN IN. X 10-4.

.

I



TABLE 19. COMPLETE CHECK TABLE FOR MODEL WITH DOUBLE CUTOUT.

● AOJUsTED VALUES APPEAR AT END OF TABLE. SHEET 2.

Ur - 1.32 I 31-31 I I I I I 1-31 31 I I

RE3WJAL o -1 -1 -1 I ‘2 -3 -2 -2 3 2 -5 -3 5 3 -6 3 I -3 -2 I 6 0 2 0 -2 I ~ -3 -3 -3 -1

●UF - 1.61 3 -3 3 -3 -3 3 3 6 3 n +72 7s 3 3

*v .--04 -2 4 -2
4 -4 -4 4

-3 -3 3 ~

o -z I 3 -3 -3 -3 -1

F~CES IN LB.,DISPLACEMENTS IN IN. X 10+
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TABLE 20. STRESS CALCULATIONS FOR MODEL
WITH DOUBLE CUTOUT. .

CALCULATION OF STRESSES IN VERTICAL STRINGERS.

KMBER 4 (Vn TOT- KxIO-4 gTR~~S

mn ‘m TOTX 1~ ‘n TOTXD
IN. IN. VmTo#104,*F” Psi.

AE -5.45 -3.25 2.20 375 025

DH -7.70 -5.44 2.34 n 070

EJ -3.25 - 1.43 1.82 n 683

HM -5.44 -3.27 2.17 u 814

JN . - 1.43 .09 1.52 ‘ 570
MQ -3.27 - 1.59 1.68 ‘ 630

BF - .48 - .04 .44 1 165

CG -2.77 -2.75 .02 “ 8
FK - .04 1.05 1.09 II 409

KO I.05 2.18 1.13 II 424

LP 3.22 3.79 .57 “ 214

CALCULATION OF STRESSES IN HORIZONTAL STRIPS

4 (% TOT- KX10-4 STRE~:
‘mM:R ‘m TO+ ’04 ‘n TOTX ‘o “ mToT)lo’$*FN. p-1N. IN.

AB 1.60 1.31 -.29 375 -109

BC I .31 .86 -.45 “ -169

CD .86 .71 -.15 II
- 56

EF 1.32 1.61 .29 “ I09

FG 1.61 2.09 .48 “ 180
GH 2.09 2.25 .16 M 60

JK - .36 - .47 -.11 ● -41
KL ‘- .47 - .96 -.49 “ -184

LM - .96 -1.35 -.39 “ -14

NO - .28 - .13 .15 11 56

OP - .13 .40 .53 ‘ I99
PQ .40 .77 .37 ‘ I39

.

.
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NACA TN No.950 Fig. a

Figure 2.- Front view of teat setup.



NACA TN I?o. 950 Fig. 3
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Figure 3.- Three-quarter view of test setup.
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FIG. 10. CALUJLATED AND MEASURED DRECT STRESS N

STRNXRS FOR MODEL WITH DOUBLE CIJTOUT.
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NACA TN No. 950 Fig. 12
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